Searching PAJ http://wwwl9Mpdl.jpo.go.jp/PAl/result/detail/main/wAAAjyai... 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 11-340510 
(43)Date of publication of application : 10.12.1999 



(51)lnt.CI. 



H01L 33/00 
HOIS 3/18 



(21 )Application number : 1 1 -082778 
(22)Date of filing : 26.03.1 999 



(71) Applicant : SHARP CORP 

(72) lnventor : ITO SHIGETOSHI 



(30)Priority 

Priority number : 10 80073 



Priority date : 27.03.1998 Priority country : JP 



(54) SEMICONDUCTOR ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the quality of a doped GaN 
semiconductor crystal by arranging a (000-1) upper surface of a 
wurtzite-structured GaN crystal film to thereby put the upper surface in 
the growth mode of a GaN semiconductor crystal. 
SOLUTION: The upper surface of an n-GaN substrate 1 1 is arranged so 
as to be a (000-1) face 21 by a metal organic chemical vapor 
deposition(MOCVD) method, after which the substrate 1 1 is held at 
1,100°C and its surface is cleaned in an H2 atmosphere. Successively, 
an n-GaN layer 12 is made to grow on the surface of the substrate 1 1 at 
a substrate temperature of 1,050°C, and then an InGaN light-emitting 
layer 13 is grown at a substrate temperature of 730°C, to thereby obtain 
a layered crystal grown in the [000-1] direction furthermore, a (000-1) 
face 22 of a wurtzite-structured GaN semiconductor is exposed as its 
upper surface. 
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£ hJBl 5±I«:plil 7*®J5Sl/fc B CCTii, n 
I116i ITT i/Al/Mo/Au (Ti 3&**a»* 
WJ) , plil ItbXPd mm I 5nm)/Au 
(0WUm) <Pd*J*aWMH) *fflc^fc. n 
«Stt*K 0 U UOfcftfc , igSS!J^# 1 0 «gKt?» 
Ste^tWW&SRi b/c. 35RSB«#4 5 0°C-7 5 0 
3 4WHL *ST--y>y*fT->;fc. C^Lt, 

[0 02 8] *»W©*aKta*»^K:tjc^r tt, 

aW>*#S*tl 5 0 /LtmftCOi*. ^fflCCCitA«i*2 
OmAt, ^M14 7 5 nm©f6#**5 mWSWHS 
ft, C©i*<Z)iB*«JItt3. 8V^o/c 0 i/c, 6 
0°Cr2 0 0 0B$HI<D2 0mAa«K««:ISIfcU 

ffl*oxsT**a»eLfcic6, ^j4%r*o/c 0 tt« 

©fc», *H»<3Wg« 1 rffll^SEfi«ffi36S (000- 
1 ) I©G a NS« 1 1 fc^jfcT. J&SSffi^ (000 
+ 1 ) ffiOGaNSS (-rftfotv 02(b) &cfctt& 
(000+ 1 ) 12 2 ^Sa^Ifflli OfcWR) %m 

«fi4 7 5nm©fM£#3mWttffl3*i, C©4*©|g 
BWEEB 4 . OVC^f], a«KR©fiT*«jfi 1 5 % 
X&-otc 0 *fc, *«!©JB«irffll»fcttfi«ffl3&s 
(0 00 - 1 ) ®CDG a N*« 1 1 tC^t k -fr? r -f 
T*® C ifc«ttH-*fr-CfW! Is fc»JH*f B £ ft 

5nm(DiW2. 5mW&U3n, C<Dt Z<Dm9bm 

mt4. 2vr*o, a«K»©fiT*t*ft3 0 9€-c* 

[0 02 9] CCDMB34 Of, ^CCD4-S3»*lfe>n4. 

(1) P^GaNS*^f*@CD^Stc^/c^r, T«fe@ 
4 b X V >V ltStt«IJS*Wr 5GaN K#«F AO 

(000 -l)i±^^ffitiWcCitcJ:0 4 pS 
GaN3fi*W»»©F-e>y»*3&sifil±L, 

(2) S6(C, pS!GaN3R*WflcJB0CteV*r. K-t' 



r 



(6) 
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ft. mtmicu s B.+tm&T zct t>mm<D&?mm 

©®T* 5 R«±3n/c 0 (3) S/c$6«:. pIGaNS 

A^&^Mgj^^M^b/cCiKJ;*). nMJl'MDM 
gCffiiWWJSft. nMJltcpSK-^ , > h^mST 

s c t&mm<DmMmK<D±&t * + 7£A$&35©<g 

TK<fc£2£#^©MffcOT;5±£ftfc. (4) pift© 

[0 030] yTfC. *fltJ$(Cj:*a(|* ( 1 ) ~ (4 ) 
*^tb-raS-C*-5 plGaN«i(*10 K-t> 

[0 0 3 1 ] JSJUSfiSffKlte^-Ctt. J»x*;I/^-CC 

M£##sfc -p fctfcrar-flt/si^tfEH $ ft -5 . c fiirtf ft 

K 1 *©IS^*«* "5 fctttlWC %M (13 tCie#A -C 20 

iciB^B-CTK§ft.s) #^tm-rsj:9fc. ^oyfimtfe 

1cfrt>X$>&. C<Dt&. m3£*). *SIlJj£S# [0 0 
0+ 1 ] JSfaK.'i7t>tiX^2>±%. -r&fc^. (000 
+ 1 ) W±ic0SLSm> tftK.\tG 0 1 #&SS 

&C&^c«££®£bT^*3ftSC<b#*5*>S. Ife&fS. 
g# [0 0 0 - 1 ] ^IfiJKfffrftTt^Sit. -Tfet> 
*3. (0 00- 1 ) B±«:fi£«-r-S<tif{C«NM^l 0 

2 #«iffiK:ftA,/cjg£5£ffi<h L-r3i*Dft -5 c £ 30 

[0 032]I4lt (0 0 0- 1) ffiJitCMg K-:/ 
G a NigH^x ^S-r-S^^^WtC^ 
04«l:te(,>T. 0 lttGal?, 

1 0 2ttNJgW\ 1 0 SteMgM^-C&O. *§JI&3liS 
tCtt. ±m<DCt < . 0 2*sft/C/i:ig$5£ffi 1 

0 4*^*?ftTl>-S o 04«Cte^-r«S«Ml 0 4«. 

raRfcftSMT^x f yr*5o ttJMOSfctt. *f§BJ: 
9GaM*4l05. NHJsH 0 6. MgJKftl 0 40 
#&2ftTC>i. ff§10 8«, SM7^yi/-> 3 > 

[0 033] 04 (CiK-r^|6Bj©^S^ffi-c(*. COD* 
r. )SSS5C#t*&3ftfcMgM^^L-C^*feLfcM 
cd$S^«. aasiMT^ 1 &(d^x&&Lxi,>Z><dx> 
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-T-JgftSft. MgiS(T-««BB±*IS^O*B*ftSeAtt 

»©#-rftStir3c3£«:tt'»). MgH^. 1 1 \m& 

4 FK:gX9&$ft£C COi^fCl/C. 

itsfts. mc. (ooo+i) m±xo®.&*mz.z> 

3gUXt>-5/cft«:. MgM*4*^ft?U. Mgr-N*§£** 

is^-r s i t» 5 -ai©Ej&#£ 0 zmm&m#>-c{g.< . 

■5. ^OWMMglfKcj;!). MgSiF© 

**©fl!!^#6*©ISft^©iBA*«5l*iacsn. imt 

LX. M g ©r§1SMt#ii < ft-sTl* 5, c©<J:5tt* 
f»«K-A>h£Mg<tL/ci»£fcl+r&<. I I I IK 
tfW MCKS&gftSffe© F-;<> K -r^c*5%. B 
e. Zn. Cd, Hg3?©flk©I I . C, S 

i. Ge. Sn3F©I V«JR^*fflt>fc»^t?tH«-C 

[0034] *mmmh<Dmi<<c&z>t. ^t^t. 

5 i C=SrJ&fe<frSS>9©GaNJ!i(?f©S««rfflt,^c£ 
SGc. -e©±{cxh-^^->+;i/fiSSL/c^;u^ii;M*SS 
«5t©G a N^¥*i**S H ^«. £ < ©*§1& c N^ri^tCjft 

^tc. *®*5i|ifflAj:Jit>Jies*if#P.ft^c»^i. 
i£'-r c liifrr&Kci&B orc^/co c ©«fc ^ (cf# 6ftfc^M 
JItfcl£ 1 fl©;S& ; £: $ e> tci^fflccp^fci c 6 . 
fiJEl^tt [ooo+i]^-c*o. [0 00- 1 ] 

(ooo+i) ®*5SHli/-rc^c. <fc . §e*©¥^ 

[00 0+ 1 ] ^|6jtCRSS-r-5^-C«^3ft 

c!6©iEfi^©aiHcJ:5 K-f>^^©^t«. 

SfiXS^Inl^SftrtifejtP-oyii. &*5. *ffi83R-?-A. 
Bfc*J(,iT«. C^-rftfefiKS^ftli [000 + 1 ] 

0 . ±Btc« (000+ 1 ) i^Uilt^fc. 
[003 5] *^©^r«. Jia?©«fc 5 (c. 

^<*@©K-f>y^?:(6]±§-&5C£*5rt^. * 
^©Jlifi©^^ 1 ©l%*^T-K*j^ 5p-GaN3> 

a'i' hi 1 scr^-fe^afjasii. lxi0 !1 cm- J t 

$>^tc<OicML. ttfflM+AOp -GaN3>$? h)l 
Ttt. 2xi0"cm-'. M.If?BOp-GaN3> 
^fhH-ClJ. lxlC'cm-'i, PI-MT^ 



XL 

fcM^W6^r^o/c fl (0 00 - 1 ) 

Itfin-GaNlfitC. iS^|i|— "C p-GaN 

0 l 'cm- 3 ^l HJfiO^ffll OJ:5tC. n-GaN 
Sfiip-GaNHiOlfflCC, ffi©G a NX^flM** 

[0 0 3 6 ] £6tC, n -GaNll 2tC#£ET£Mg 
JR^-<D«*S IMS <Z^c-f*>S»#W> (CcfcOfflE 
l/cic^, s^aKo^lRO^fBRWfcii-Ctt. 1 
x 1 0 16 cm' 3 *^r&o/cCD&t*fU StJSR-^Ar 
»3t)lCDififiS«:*sii"C2 x 1 0 17 cm- ! gSr*o 

/Co 

[0 03 7 ]il ^^U/c^ifeCDJKSICD^^T-S^ 
p«acc*Jl^tt, 8«gtS^«3x 1 0- 3 Qcm 

\ »«»fcHi;r*^fc©cc»u waw^ArcDp 

««rtt* S3»3tc6x 10" 3 Qcm\ 3«»1 x l 0 

(ooo-i) ffi±.icjtmutcnmte. < o o o + 1 > 

H±^C^b/cS£*^CDm@CCj:b^r<fc o ssr* o 

[0 0 3 8 ] InGaNMtoGaNIFJi 
f**WB-r4IBK:, KBtt I nGaN^tI«iI 

Ga Nmytm<Dmm • »^t^/cc^© P -Ga 

WP*tt«*IBO»J»-C*0 h BitBp-GaNa> 

HBCcfeC^r, [00 0+ 1] *f5jCCJ3E*l/fctta 
<Z>SA©tl^*7S0"Cl»4 P tt*5 % InGaN^IO 

-So *«W#e>OHKKrtftf#tCcfcSi, pSGa N&¥- 
*»lliGaN»Ri©ncc, BW*W< . JLo, In 
^0**^GaN3fi*»{*:IB3fe^S3-&*i. 
tCtt [0 0 0- 1 ] #flOCfiSftUTt>Sp-GaNJBrt 
tc, tt«© [0 00+ 1 ] *|Djtcj5!EfiLro*4feS*ss 
AT4C<fc#JlC>HiSnfc. IS*J5Sfi*lSl©SI6Lrt» 

fttf, p -GaNJBiGaN»«i©ffl«:/hi8Sti4 I 
n*£tfGaN***ttlB*s, In&J&O. lfitTt?* 
&*>\ *©»3#3 nm«Tr*tt« t m^^OLSTT 
SISa3WfiA-riCit3:ttfr->te. *fc. *©J*3#* 
4. 5nmHT-C*nH aWft«CJ58fir*«ft<DiBA 
«2%JaTi#»«:/jN3< fc^o/c. ttfc, -H*/cD 
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©I n*$tfGaN^*3|(*JB©*fl : *s±fBOfc©'C* 
titt, ffiOii^Ot I n^OGaN^iftM 
tt8Ml/Tfc> p-GaN«©ttflttec3«t*X{fctttt 
2^/c, IHB©i¥ffltt^rA£*s. HRCC. In^ 
tf G a N***#»©*SttlWRttft*f»4 C 
HCi3&>6. C©<fc5a I n^GaNS B B B rWS 

[0 03 9 ]RI«K:, Mgl^S iJK^flPOI V^M 

10 SttSWfinfiG a N»*»*i#»6hSC 

glCjfiirctS. KiTtC. #mM<DBWre<D nMG a. N 

JBS8r©»*3R-T-«:teWS n - G a N@<D K^-J*ffi 
tt. 1 X 1 0 18 cm- 3 r*-o/cCT)CC*J-U, *fM^^A(D 
n-GaNim 5 x 1 0 17 c nr\ SftM^BOn 
-GaNim 3xl0 17 cm- J i k [h]— ^"Ctta 
l«ft*fT^fcCcfcfr*fe&-J\ *fMB*m»5Ci«:j: 

/c 0 c*iccj:<k Suisn«oa*cc<fc^r, 

20 ^f*^^rffl^/c^*T-(D^ttl^±CCg«*;L-Cl^fc 

[0040] Scte. «0CH4CC7nSft;fc* *^CDMS 
*>6W6*»ttJ:5K:. Ttt«SA«B»KttCC (000- 
1) WC*Sifia«tt<, teL/*, Igtcxf^'^ 

ur^ i o* m&&LT<D*yT>#>i> 

7>^iLt0. 0 2 (ttURKUL) -1. 0° «F*<D 
30 fi#ttli*&&ofc. 

[0041] s^k, ^mm<om^c^hfc 

ttmc?&mZtlZ>i><D-CtZtj:<, A 1 x I n y Ga 1 _ x _ v 
N ( 0 ^ x . ySl) <Dffe, *©N7njR©— SP (20% 
gKJSTF) P, As, S b^(DftfeCD76lg"Ca^b/c 
^il/^ttSISSiWr*, I I S5ot^cD — pP ( 2 

0%gfi[«T) *, B, Cr, V, Ti, Nb. Ta, 
Zr. Sc, Tl, Gd, L a «©te<D7C*r«» L fc 

40 C»fe(D^>K2 )i6tt :^H03gtt0JftR2 <D*m 

*. GaNlfi6 1 <D±ffiCt v n-GaNI62, In 
GaN/<7 yrMS 3, n - A 1 G a N ^ 5 v FJB6 
4, 1 nGaN^fiS^#F^*J16 5, p-AlGa 
N^^^FB6 6, n -A 1 G a NlIi£lfi±J! 6 7, p 
-GaN3>^ h@6 8 365ie^ca»JBJ5KSnri*S. 
CCt?, p-AlGaN^7?.Fi66tt'j7^h7 
-T^JBttCCflnXSti, n-AlGaNWiiti67(3: 
C0'j9^F7-f ^«^©««*a2«>iitf J: 9 (cflW 
50 3ft& e *te. ^^^-JbffiJ:0n-GaNfi6 2^:^ 
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■?Z>ffi6 9#ia:We>*iT*J'5. M6 9©Jgg|5-Cn -Ga 
NJB6 2aEtC^S4Lrnmffil 6#JIMS*l. p-G 

f^t'sbk:©*, sijgftASo'^iS^ftjn. 
=7 a rm^smcmi e nfc s - £ £ hic^mstm^ 

[ 0 0 4 2 ] ^^(^«©*iWt»*jR-^®« 10 

t\ n#&fBtt«:Sab&. 

[0 04 3] ftJ&fC. $m<DW& 1 CC^L,fi:©£pJ«© 
^ISicr (000- 1) 12 1 %^BKtt5GaNi 
«6 fc/£l. CCTBGaNIS6 IK 

wcw«j*j F-^stiai.^ saa©*ir»**t*m»fc. 

[0 044]^t?, GaNl«61O(0 00 -l) 
ffl2 1±JC. GaNi|ga©^fi£CcaSffll»6nr«,^M 
OCVDffiKlJ:^. n-GaNJ162 (J®JI4am) . 20 
InGaN^'77rI63 (InMO. 05, JB/95 
Onm), n-A 1 GaN^?*; FJB 6 4 (A 1 iiflJjS; 
0. 15, 0VO. 7 Mm). InGaN^Ilf#P 
^*J16 5 (InUO. 0 5. BM 1 0 n m©>< V T 
B4Bi I nfflfiSO. 2, Mill . 2 nm©^ xA«3 
Jf£©£S1»Jlf*) *«Kxe$r*i,i.j|,|£fil,fc. c 
5 L/T v (KgL/fc&Jftt. G a NS« £*§&;£&**— gr 
Lfc^^^HaSBSHMST?*!). Uc*s-7t, [0 0 0 
- 1 ] #fflKKEfiOfcJlttiS»T*-afc. *©-k 
®£bT. ^^7iaMS«l©GaNSMS© (0 0 30 
0 - 1 ) I2 2*$afflt/fc. 

[0 04 5]?I^^T, $JU?«a!»JM»SS©GaN 
JyfSII© (000- 1 ) 12 2±(C. MOCVDiStCcfc 
D. p-A lGaN*5» KJB 6 6 (Al*aJ?£0. 1 
5. HHO. 7 mn) *»J«rS. RSftLfcBttTiMI 

*s-3t, [00 0- 1 ] ^(CSSSl/feHUggTt, 
fc. *©«L U Vf577 ^>^gffi5£ 
JB<,>T. p-AlGaNi'7vh'1664'Ji'^F7 
^tftdflllLfc. Sfc. 'J^XF^^^illCiiS 40 

[0 04 6] *©«, BSMOCVDftKJ;Dn-A 1 
GaN?n»jrl6 7 (AlfflSO. 25. JPJ¥0. 7 
am) *affi(C»jf»UA:4C*. S i Cv^J-l^ 
l>r . n-AIGaN^Q? i*Jl 6 7 *5J&B L/c. fiKS 
1/teJitt. T*)E4ISa*ffi**— aofcf ^^IflffllSJI 

«jgr&»). Ltcifi-ox, [o o o- i ] ^rrfijtciSfiL/ 

S2!5atlt&©G a N*|£A© (000 - 1 ) ffitffUB O 

fc. 50 
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[0047] itlfrh. l J-r^h7-f7'±I©SiO 
,vx**|»3cl/. H^gMOCVD^tCctO p-Ga 
N3>^d7 FJB6 8 OBJfl am) fcJjfcgLfc. fiXSl/ 
fcjf » . TifeU £ Wt. LtcVfr V ttSDfe AW 
3tr$>f3. Lfc**-oT. [0 0 0 - 1 ] S|Sl(C06Ofc 

»tft»6A"T?*-»fc. *fc. *©±iii/t. ^yttss 

*£S«Ji©GaNSi*§A (00 0 - 1 ) 12 3*i^HlO 

[0 048]§MOCVD^fiKfelsT 1 I I I 
£bT. TMG. TMA, TM I . NMiLTN 
H 3 . nMWtL-CSiH., p S3*l|*BJlI& £ 

[0049] *©fft. H*S^OxA-?:iffiaip 
7 0 0'C-C2 0#ra©SBtffiJl*fT->fc. 
-iI«t')n-GaNi6 2K:ltii6 9?:, 'Jr^ 
Xh7-f ^{C^tf KRWfc. &K:»6SWn -GaNI 
6 2^ffi(Cg^j! , rSJ:5CCn«®l 6*. Sfc. p-G 
aN3>**Fll6 8±ffl«Cp«Bl 7S»fifcbfc. £1 
CCtt. n^ffi£L-r. W/Au (W*s*^*ffliJ) . p 
^g£Ur. Ni (jgj? 1 0 nm) /Au (Mf U 
m) (N i tPmfcto) C^bt, 06©* 

[0 050] ^BW©»»«:*Jl»r*>. KEJfe©^lftl £ 

ra«©a&* < 1 ) ~ (4) k«^h>.t. #£t£3«©i6j 
±. mcpee©®*. a^i3^#ii©^±* 5 me>n/c„ 

$ . F 1- - F - f > 4^6^±©JI»*fcStffi3 n/c 
[0 05 1 ] 3 6»(c. *%^{Cj;nif. IE?L#pmg#> 
6^7^®^. ffi*©SBIKCtfc«lyr. J:0»*WtCttA 

Sffi*>628ifcJBK:i6jkr-t. [0 00+ 1 ] /jfaCCftAS 

[0052] g a Nm¥m#zmi,>tc¥m#m*m&'c 

©2|MW*U— !fJIKHc*jl,»Tfe. »7cB^6p-GaN 

0. L/-Cfc»3. *+yr©»»36*ttt/& 

n-Cl^. GaNM^fCit iE?L©^«jS*sjl^: 1 
0cm 1 / (V • s) «Te&&t>&fc£/h3l»fc«t> 
«c. C©J:5ttlBH#*J»(**-^©»tt«:*fcil.4|g» 

[0 0 0+ 1 ] IjltliCQJKlytcm-^tat. C©«fc5&15 

[0 05 3 ] ib^©fcto{C. *jyt©J$g-Cffll,>fcjj£g 
(0 00 - 1 ) I©GaNM6 1 CC^t. 
(00 0+ 1 ) ®©G a N«S (-T^ct)^. gl 
2(b) (C*stt£ (000+ 1 ) 12 2 
£ L- fcS® ttX(C . p «©tfrFFK£IHB * 
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A 1 GaN^7 * F»6 6 ^[Hl^^ffl^fe^, iS 
1fr7-«Jfi (A IfflJffiO. 25iAl«0. 0 5<DH<D 

£S4oob«> cc«jftr*ci3&s-c*s. coi^a: 
t -cmntftte k - 1* > ^##gi± s nicttcj:*!* 

t^^n, ISJKL 44B»fiWBJR<D«CC. IE?L£ [0 0 

o + i ] ^AiccaA-rsji^a^aisEi ufc-* u * h 

m<omifi* 5 0tLL(Wt«, p-AlGaN^^^F 

CC«#6C«*3tifc. *fc. «Hf^F«E^Wffl<«»*y>ac 
t»fc«>K:ttfE*«Hltafe©©, HifecDjFf^l tcfcOTfe 

[0 054] &*>\ SSLLK, piGaN^m m 

iE?L* [0 00+ 1 ] *IoJiC&A-rS«flE*#*S 

* + U Tigg^r^o pSGa N^^ftCD^S^Bitr 

mm^fo*). mJMV&mziCteVZ I nGaN^li 
■f#F»*»6 5 < I niHflEO. 0 5 , Mil 1 0 n m<D 
^y7»4Jl£ I nfflflcO. 2 % 2 nmCD^x 

H«3Jl<fc©XSiaJlf*) ^GaNAs^ll^FS 
if 5nm(D^x;H31 

a. 

[0 05 5] **»©jB»6cte(,»r fe. SStao»aR2 1 

(LED*?) {WOtcWPttlOK^W-CftO, 

1 CCfcW* n - G a NeBS«oatfi#S^Htli(D 
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[0 05 6 108^ Ga N«S*«<DS«;^*BMB 
[OO57]08 (a)«. Affile t^TS# 8 0© 

affile, a«GaN»^fl*tswojBfisecffl(r^tir 

t»4MOCVDffitcJ:0, G a N18 1 jW&JSKS ftfc£ 
i^-^irc^o ^8 (a) (CtjV3"G a NS 8 1 * 

-TTS&8 0 (3^>^<f>. J1^4 0 Owmlg) £M 
10 OC VD«BrtBRC»«U **#H«* 1 1 0 0 e Cg 

T^e>, &g£5 5 0°CCC£HU GaMiltTM 
G ( 2 0 m m o NWMt ITNHj (2 0 

0 0c c/#) , 'JT^XiltN, ( 1 0 0 0 0 
cc/#) <D<tg^#*£gfe&U S&8 0<DSlffitCl> 
fc^&ffi&'^^TJf <bUTi?3^2 0nm<DGaNI 

«i&*f?±u sjs* i o 5 o*c^MLr^e>, bo* 

TMG (5 Oymo 1/cc) CDtt*&£SPfJ-r<*> C £K 
20 <t0, i£ia^y7TH±«:GaNJ18 l©J5SfiS:»l«F 
Bfiofc. f#e>n/cGaNJ18 HJ[00 0 + 1 ]^ 

[0 05 8 ] offCC, ^*^-*MOCVDS6H*>6K 

otaurGaN@8 i©±ffi«:ja»!waHP*fe-^ts- : f- 

(jam 0 Mm, Mm) OS i O, 

)g8 2 (WHO. 5/imfg) *JgJ5SLfc 0 C£>B$CD*i 

^^08 (b) tern?. 

[0 05 9 ] §e>CC, *(D«, »)x^-iGaN8fi(0 
»jft«ca*ffl(ri&n"CC*4HVPE*flW»«:RBLfc 
30 »a©S0©«B»Ccr 7 0 0 "CCC^3 ti/cG a Ct, 
Ga«WI&affl#&LTHC l^(100c c/»> 
'J7#X4l/t©H2 ( 1 0 0 0 c c/#) CD 
fi^#*£** 1 0 5 0 # CCC«^3iafc*»±Cc«t&L/ 
rf#6tifcGa#W^Xi, NK^ittiNH, (2 0 
00cc/») t nS^E^5Mt4<bLT(DS i H 4 . * 
+ 'JT^iUTOH, ( 1 0 0 0 0 c c/») <Dfi^ 

i 0 50 ft ccc«^sn/cg^±cc^urG 

aN«ftlffi**3l*IBfT-pfc. }l6n/cGaN(J(0 0 
0+1) ^I^JtCffifi I /clttO n - G a N*g a B a I 8 3 
40 xe^ + ^^^JSSfiJgjgKLfc, C^B#CDSI^€:H8 

(c) CC^To {|6n/cGaN« (0 0 0+ O #|ajOC 
^SUfcil? 5 0 0 m m^<D»J ^^tt«Jft©Bltt*«g 

[0060] «±©xe«:<t o , mmmm 1 cc«a-r 

44>cD<bLr, n-GaN*SBR8 3*«fie>ti/c. cn 

attoxai*. nsfecD^ i <boiir*o , m 1 ccs^u 

[0 06 1 ] *Hifi6r)}&!BtC*jli-Cfe. HJfi©»S8l i 
50 fc, *Sj«6<WI5S8CC*$lirtt, *«itt*n-GaN*S 



Cio) 

17 

H8 3£ff^T£l$©T«M£JI<!:^r. GaNJS8 1£ 
«t«3l«i«:^-2>^, £K>9m<D'Pt£^ (0 0 0- 1 ) m 

•y^-T^-K^T-) tt, Ht£©^2«:t5W€.GaNS 
«61£I lSi7c3PS(Be. Mg, ZnfeKIJCd 
3?) *ih'-7'$n/ciiSffitiiifSS<tUfctcD-C*S 0 Ga 
NS1S6 lfctf4©fi!2tt. HJfe©^2 i^-C*D. S 

ISte©^l-cmBJUfcGaNSfi=S:Jf5)jS-rSB# 
©> HVPEfiKSXeKfc^r. GaNSgJligOt&SIS* 

BCp,Mff«©««#qi*JRRil/r«6fflrS. c© 

s. c©«t^{cL.-c^is$n^7fe* j Ft*. mmcomm 

#3(afc©je»K:fct»ttt. GaNlS^OI IK 20 
7HR©»illlCC J: 9 . 3W©JB*2 <D»££B«K:ttl8l, 
■C. <*:9£cffi©<!>&l> (0 00- 1 ) IGaNmi 
g^gJS C t *i-C# -2. <fc 9 (Cft o ft:. 
[0 06 2] J«_L Xtfc©&tt 1 7I>M5 ici 9 . 
©a9H»»*«S©«fcoi>TjlWHtyft:a*. *»?!©£ 

1, Ge, S i C. GaN. GaP. Ga A s , In 

N, InP, InAs. ZnO, ZnSe. ZnS, M 30 
gAl.O,, MgGa.O,, LiGaO,, L i A 1 

0 2 . V~?-?4T> )\>\Z~m<DG &NmM\-<OttWfrh 
^SGaNfJiMSffllS^, S6«C. *©&9«'< 
577IAIN, InN, GaAIN, InGaN, I 
n A 1 N, InGaAIN, ZnO, MgrF^-CfcHSl, 
tci><D, $>2>m*/£tcZt>tC> ^©«ffi*xe£=^> 

ic, GaN^ite^StRWfc^SS^S/cfe©^^^ 
*:«>©«:■&?#£. *fc. *-©GaNKf£B&»Rn 

Sfc*©Kt*. SiN,. SiO„ SiO 40 
N. C, Si. Ge«*C*l6*£tf«^*rtW4«C«* 

[0 06 3] $ &*66©J&«K:*$W -5 G a NS*S 

H3rf#£ tc#><Df8&mz> ^ft-eti. «©xe**w 

ttftTgBCCiitt&liaS&tSG a NKHWEStiStoWT 

GaNStSST*tiKJ:l>. Al, 
I n,Ga M ., (0 £x, y £ 1 ) ©te. -f© I I I Be 
7E^©-g|5 ( 1 0J6«S«T) *B. Cr, V, Ti, 
N b . Ta, Zr. Sc, T 1 , Gd. La ^©te©7G 50 



1 1 -340 5 1 0 

18 

*ca»L:fcA#fii*36*S»*>. *©N7c^©-g|5 ( 1 
0 9flH*«T> *P. As. Sb*f©te©5HR-CSBftl> 

fftatpCCB. Al. In. Tl. P. As. Sb, B 
e. Mg. Cd. Zn. C. Si. Ge. Sn. O. 
S, Se, Te, H, Sc, Cu, Fe, Ti. V. C 
r. Y. Zr, Nb. >- -T F&£rt*3^$*iTt,> 

T4><fcl> 0 #tc. M37 0nm-440nmt^gt 

l.Ga.-.N (0. 03Sx^0. 1 5 ) gSOilftjR© 
&©£-f£<i. U--!f#!>ift"*-Kai^&&©<b&-9 

t. #niTy ^^©sioscs**^"*-^* 5 ^ e>n&© 

In. Tl, P. As. Sb. Be. Mg, Cd, Z 
n. C, Si, Ge, Sn, O, S, Se. Te, S 
c. Cu, Fe. Ti, V, Cr. Y, Zr, Nb, =y 
ZsZsj b'tmmotcA l,Ga,.,N*i*iiriO> 
5Cit, U— if^jg*- K#ft?f?&&©£fc-?T. 
^i*-C'; v :/;U©&^&«3fc^£->&cfe-5©-C$?£ L 
l». Sfti. iSS3 0 0~5 0 0 nmgS©§H^~#fet* 

»36-r*LED3is^K:ara-r*«^. mmztiz>i%*m 
jWfejtKioaBBsn-cajt^Dajr^tc. sc. t 

i. V, Cr, Mn, Fe. Co. Ni. Y. Zr, N 
b. Mo, Tc. Ru, Rh^<DM&&M7tM : &M'MM 
Allsft:GaNflUiJ&«> SlffiBit LTfflUT. «*© 
feiS©LED^^31*-5C<!:*J-Ctft:. *fc. SHifc 
©^JBtC*sWSp«Sfflt*^<!:Lr. Pd/Au, Ni 
/Au©iS^ot,>Tt&HJ3l/ft:#s. X16KBX1/ 
X2fel<(JXl/X2/X3 (XI, X2, X3 = N 

i. Pd, Pt. Co, Au. Ag, Ti, Cr, I 
n. Mg. Zn. Os, Ru. Ta©Hfh*OSftt 
0<ttl>-rtlfe&£&g&) &<b'©. a«©*fttttt4& 

i^-cDPHL/ft:^. ^Bj©affl«cnocpse»*i^t>©-c 

7r-7>i*X*JR*\ JKiBRiF-. *--*»**?&£© 
ffi©3|£»fl*7-K:«C>rt. h--b->»0[6l±iC 

[0064] 

[ %m<Dn$k ) *«9i©*awwtf«: fco-cB. f - 1- 

>^j£©l$]±tcj: 0 . • ■ 

*fc. *»9!©*aM*©i43aEfrtt«:j:4i«. 

4. WWCWWrft-Ctt, (OOO-l)M 

bfc*:ffi?S©G a NS«?:I^MtC, ^Sttcfc 

< iMfi-r set i <t o . «©ts«£|£9fl^«ffi 

3x h-cf^»-rsc£*Jr#ft:. 
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GaNSg 




6 2 


n-Ga NJf 




6 3 


I nGaN^'^Tl 




64 


n-A 1 GaN^77 KJ1 




6 5 


I nGaN^HWFM! 


[04] *#w^*««^i!®*ffi*itti«-rstea> 


6 6 


p-Al GaN^7 KH 




6 7 


n -A 1 Ga N«SSffi±Jl 


[0 5 ] I nGaN*ift 10 


6 8 


p -GaN3>^ hJf 




6 9 


at 




8 0 






8 1 


G a NJ8 




8 2 


s i o 2 m 


[07] mM<o¥m»&^ttmTVimiaT?*>&. 


8 3 


n-GaNl 


[0 8] *^O^SScD?f^4O*##^*;*^C0^ 


1 0 1 






1 0 2 






1 0 3 




1 1 n-GaNIg 


1 0 4 




12 n-GaNJi 20 


1 0 5 


GaJS*4 


1 3 I nGaN^I 


1 0 6 




14 p -A 1 GaNH 


1 0 7 


MfirJKS 


15 p-GaN3>jr^H * 


1 0 8 
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(12) 



1 1 -3405 1 0 




(13) 
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